A database of the carbon-isotope 'fingerprints' of methane has been used to constrain the contributions of different sources to the global methane budget. The surprising results have implications for climate prediction. See Letter p.88 broad regulatory role for highly acidic domain proteins in an acetylation switch network, which probably extends beyond p53. However, it is puzzling that these proteins were not identified in Wang and colleagues' original screen. Moreover, it is difficult to reconcile the researchers' shield model of acidic-proteinmediated p53 inhibition with previous characterizations of DAXX (ref. 4 ) and PELP1 (ref. 5) as stress-dependent co-activators of p53.
The physiological importance of inter actions between regulatory proteins and the p53 CTD has been established by engineering mice lacking this domain, which die within two weeks of birth 6, 7 . Wang et al. mutated the six lysine residues in the p53 CTD to glutamines, which mimic the charge and structure of acetylated lysine and so effectively model permanent lysine acetylation. As such, mice harbouring this mutation lack SET binding to the CTD. These animals died within one day of birth, owing to unchecked cell death in the brain and severe neurological defects, underscoring the need for tight control of p53 activity during embryonic development.
By contrast, it has been shown 8 that replacement of lysine with arginine, which mimics a total lack of lysine acetylation -and, presumably, constitutive SET binding -produces no developmental anomalies. To confirm that these effects are attributable to SET, rather than to other highly acidic domain proteins, the authors deleted the mouse gene that encodes SET, which caused embryonic defects and death just before or after birth. Further studies are needed to determine whether this lethality results solely from unchecked p53 activation, or whether other functions of SET are also involved.
SET is a known tumour-promoting protein, and is aberrantly expressed in various cancers of the blood 9 and in solid tumours 10 . Previous studies of SET (for example, ref. 10) have focused mainly on its role as an inhibitor of protein phosphatase 2A (PP2A) -a tumoursuppressor protein that represses multiple signalling pathways that are aberrantly activated in many cancers, including the c-Myc, Wnt and PI3K/Akt pathways. Thus, therapies that inhibit SET may offer opportunities to treat cancer beyond simply unleashing p53. But such treatments must also take into consideration the complex consequences of altering SET activity.
In support of the therapeutic potential of targeting SET, Wang et al. showed that inhibition of SET production in mice led to regression of tumours with normal p53 levels, but not of tumours lacking the protein. However, concerns remain. For instance, tumours frequently harbour single-nucleotide mutations that alter the amino-acid sequence of p53 and so lead to production of a mutant protein. Disrupting SET-p53 interactions in cells carrying such mutations might lead to activation of a mutant protein that has deleterious tumour-promoting activities.
Profiling of the genomic regions with which SET is associated is now needed to determine: the breadth of p53-regulated genes affected by SET; whether SET's role is restricted to specific developmental stages or tissues; and whether p53 mutations that are implicated in cancers alter SET control and response. Moreover, studies that used SET inhibitors to increase PP2A activity in cancer 10 should be reinterpreted in light of the newly revealed role of SET as a protein shield. Combining SET inhibitors with drugs that inhibit lysine deacetylation 11 may offer effective therapeutic strategies in cancer treatment. ■ This article was published online on 14 September 2016.
lobally averaged concentrations of atmospheric methane, a potent greenhouse gas, continue to rise. Explaining this trend by accurately accounting for sources and sinks of atmospheric methane gas remains a key challenge in climate science. On page 88, Schwietzke et al. 1 account for methane sources on the basis of a new carbon-isotope database. Their findings suggest that methane emissions associated with fossil-fuel use and production might be 20-60% higher than in current global inventories.
Methane is the second-largest contributor to climate radiative forcing -the change in energy trapped in the atmosphere as a result of greenhouse-gas emissions -and has a globalwarming potential 28-34 times that of carbon dioxide (by equivalent mass) over a 100-year time frame 2 . So although average atmospheric methane concentrations are about 200-fold smaller than those of CO 2 , understanding the causes of increases in global methane concentration is just as important as understanding those for increasing CO 2 levels, to aid climate prediction and inform emissions-reduction policy.
Atmospheric methane concentrations have been rising since the Industrial Revolution. A hiatus in this rise occurred between 1999 and 2006, although there is little consensus on the possible reasons for this -which vary from a reduction in coal mining and gas-industry emissions, especially in the countries of the former Soviet Union (see refs 3-5, for example), to the offsetting of increased anthropogenic emissions by decreasing wetland emissions 4, 6 . Other studies have attributed the hiatus, at least in part, to changes in chemical species (reactive sinks) in the environment that react with methane 7, 8 , to reduced emissions from rice paddies 9 or simply to a plateauing of emissions from microbial and fossil-fuel sources 10 . The range of competing explanations exemplifies the complexity and uncertainty of balancing the global methane budget. But one thing is clear: methane levels have since vigorously resumed their upward trend 11 , attracting strong and renewed scientific interest.
The scale of efforts to understand the most recent increases reflects the fact that researchers cannot easily explain the observed trend by comparing the rate of emissions with the rate at which methane is expected to be lost from the atmosphere through chemical reactions that occur in the environment. But the race to close the current global methane budget is just a sprint. A marathon effort is also required to take into account predicted changes in future human activity and the potential consequences of global warming -such as the extensive release of methane from huge reservoirs currently trapped in permafrosts and ocean sediments (where it is stored as methane hydrate), and the bio climatic response of wetlands, which are a major natural source of methane emissions.
One effective way to quantify the individual contributions made by the huge number of sources is to examine the isotopic fingerprint of methane molecules imparted by their source. The relatively short lifetime of methane in the atmosphere (about 12 years 2 ) means that measured global patterns of the gas's carbonisotope composition faithfully represent the average of recent inputs from the various sources, therefore allowing emission rates to be quantified by source type 4, 12 . For example, thermogenic sources (those associated with fossil-fuel production and use) are enhanced in carbon-13 relative to biogenic (microbial) sources (Fig. 1) .
Schwietzke and colleagues have compiled a database of previously measured carbon-13 methane isotopologues (methane molecules that contain carbon-13 instead of the more usual carbon-12) for principal source types, both biogenic and thermogenic. This is the largest database of its kind. It includes the statistical uncertainty in isotopic composition for each source type, based on available measurements, which allows constraints to be placed on estimates of emissions budgets using 'box' models.
The authors combined their database with previously reported global methane and methane-isotopologue measurements taken over the past three decades, and used the data in box modelling to show that total methane emissions associated with fossil-fuel use and production (including seepage from geological sources of fossil fuels) have not increased significantly over this time. However, such thermogenic emissions might currently be 60-110% higher than previous estimates, and might have been so for the past 30 years. After accounting for geological seepage, emissions attributable directly to the global fossil-fuel industry (natural gas, oil and coal production) are 20-60% higher than in current global inventories. One, possibly positive, implication of this analysis is that methane emissions associated with natural-gas production might have declined from about 8% of the total produced volume to about 2% between 1985 and 2013.
If Schwietzke and co-workers' findings are reinforced by similar studies and others using alternative methods, then there are several implications. First, emissions scenarios currently used for climate prediction need to be reassessed taking into account revised values for anthropogenic methane emissions. Second, the infrastructure for natural-gas production has become less 'leaky' over time, which has implications for emissions-weighted policies aimed at mitigating climate change. And third, more research on geological seepage might be needed.
However, Schwietzke and colleagues' conclusions are not without question or conflict. They markedly disagree with a range of 'flux-inversion' studies 4, 6, [13] [14] [15] [16] , which spatially attribute and optimally estimate a posteriori methane flux using reverse-transport modelling and a priori emissions inventories. Collectively, such studies have estimated a much lower emission rate (about 90 teragrams per year; 1 teragram is 10 12 grams) than that reported by Schwietzke et al. for industrial fossil-fuel sources (approximately 155 Tg yr -1 ). More over, Schwietzke and colleagues estimate that microbial methane emissions for 1985-2013 were about 15-33% lower than was reported in previous studies, but have been rising as a proportion of the total since 2001. The suggestion that microbial emissions have been increasing since the turn of the century is supported by another recent high-impact study 17 that also uses box modelling and isotopic fingerprinting. In other words, Schwietzke et al. rebalance the current global methane budget towards fossil fuels at the expense of biogenic emissions, although biogenic sources remain the dominant (and increasing) source.
The authors argue, and I agree, that known problems with a priori constraints and undersampling in key source areas such as tropical wetlands might lead flux-inversion models to amplify biogenic sources artificially, especially in the tropics. This is because inversion algorithms typically dump any uncertainty where they are least constrained by prior knowledge.
Other systematic errors associated with the choice of data set and the way in which methane transport through the atmosphere is modelled may also be convolved in such inversions. Conversely, Schwietzke and co-workers' isotopic database, although useful and extensive, is only as good as its representation of sources, which depends on available sampling. But the abundance of carbon-13 in methane from different fossil reservoirs varies widely 18 , and can even change within an individual reservoir as fossil fuels are extracted, especially in shale reservoirs.
So until there is convergence (within error) between inversion and box-modelling studies, the jury might still be out about the balance of the global methane budget. Such convergence will probably come from both directions: more-extensive sampling at sources would help to update the isotopologue database, improving box modelling; and better ambient sampling in key source regions such as the tropics would better constrain fluxes derived from flux-inversion models. Moreover, case studies of methane emissions on all spatial and temporal scales are integral to parameterizing emission processes for future climate predictions (see refs 19 and 20, for example). Fortunately, further sampling of methane and its isotopologues is on the horizon through simultaneous measurement programmes soon to get under way in the United States and Europe. ■
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Figure 1 | Contributors to atmospheric methane. Methane produced from biogenic sources, such as wetlands, landfill sites and agriculture, contains less of the isotope carbon-13 than does methane from thermogenic sources (those associated with fossil-fuel extraction and use). Naturally occurring seepage from rocks is another thermogenic source, and is often associated with fossil-fuel extraction. Schwietzke et al. 1 have compiled a database of the carbon-isotope 'fingerprints' of different methane sources, and have used it to constrain the contributions of biogenic and thermogenic sources to the global atmospheric methane budget. The percentages shown were calculated (by G.A.) from data presented by Schwietzke and colleagues and from other data 4, 7, 14-17 used in their study, and are rounded to the nearest 1%. The ratio of carbon-12 to carbon-13 depicted in the clouds is illustrative, and does not precisely reflect experimental data. 
G I O R G I O G R AT TA
T he surprising discovery that elementary particles called neutrinos oscillate 1 earned its finders the 2015 Nobel Prize in Physics. Neutrinos come in three 'flavours' and, as they travel, their flavour can change. These oscillations are a purely quantummechanical phenomenon and can occur only if neutrinos have mass. However, we know from various observations 2 that these masses must be minuscule, probably less than 1 electronvolt. By comparison, the next-lightest particle, the electron, weighs about half a million electron volts.
The smallness of neutrino masses might be explained if neutrinos are Majorana particles -that is, indistinguishable from their antiparticles. This is possible because neutrinos are electrically neutral. All other fundamental particles of matter, such as electrons and quarks, have an electric charge that clearly distinguishes them from their antiparticles. The Majorana explanation could be confirmed through the observation of a radioactive decay process called neutrinoless double-β decay. However, writing in Physical Review Letters, the KamLAND-Zen Collaboration 3 finds no evidence for this process, suggesting that, if it exists, it is even rarer than previously known.
Conventional (two-neutrino) double-β decay is not particularly remarkable -it is a process whereby the nuclei of certain isotopes decay and emit two electrons and two neutrinos (Fig. 1a) . However, neutrinoless double-β decay, in which no neutrinos are emitted, could occur only for Majorana neutrinos (Fig. 1b) . In this case, the particle-antiparticle nature would be blurred and a neutrino could be emitted and reabsorbed in the same elementary process.
Neutrinoless double-β decay is possible only if neutrinos have mass, a condition that has now been confirmed, thanks to the detection of neutrino oscillations. The race is therefore on to find evidence for this elusive process. Like everything else that involves neutrinos, this is not easy. The smallness of neutrino masses guarantees that the decay, if it exists, is extremely rare -in other words, the half-life of the candidate nucleus is exceedingly long. Neutrinoless double-β-decay experiments therefore observe a large quantity of a candidate isotope (a few hundred kilograms in the present generation of experiments) in the hope of seeing a handful of decay processes in which only two electrons are emitted, each having a kinetic energy of about one mega electronvolt (ref. 4) .
However, the required isotopes are often rare in nature and need to be separated from other isotopes of the same element, which is already quite a complex enterprise. Furthermore, experimental 'backgrounds' can produce electrons in the megaelectronvolt energy range that look similar to those expected from neutrinoless double-β decay. In particular, there are major backgrounds from cosmic rays and the natural radioactivity of elements such as uranium and thoriumelements present in Earth's crust that cause unavoidable contamination of all matter around us.
The strategy adopted for suppressing these backgrounds has evolved over the past 30 years. For example, some initial experiments fashioned small quantities of the isotope (in the gram-to-kilogram range) into large, extremely thin sheets, and analysed the energy and momentum of the two emitted electrons separately. Although this method is superb at distinguishing signal from background, it is too expensive if larger quantities of the isotope are required. Therefore, most modern detectors use the isotope in bulk -in either solid or liquid form 4 . Another experimental consideration is that neutrinoless double-β decay would produce two electrons with a fixed (and known) combined energy, whereas background events mostly produce electrons with a wide range of energies. As a result, the energy resolution of the detectors in these experiments has been considered, until now, the most crucial factor in distinguishing signal from background. The best resolution comes from crystals of tellurium dioxide ( 130 TeO 2 ) and semiconductors such as germanium ( 76 Ge). However, because these crystals are limited to a few kilograms in mass, the corresponding detectors consist of segmented arrays of crystals, and the surfaces and construction materials between the crystals produce additional backgrounds 4 . The approach used by the KamLANDZen authors is strikingly different. They use an isotope of xenon ( 136 Xe), dissolved in about 10 6 kg of a liquid scintillation material in a detector; the liquid scintillator emits light when it absorbs an energetic particle.
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Search for neutrinoless double-β decay
Neutrinos are much lighter than the other constituents of matter. One explanation for this could be that neutrinos are their own antiparticles and belong to a new class of 'Majorana' particle. An experiment sets strong constraints on this scenario. 
